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¹�º9»±¼�½F¾5»±¿0º�À$ÁOº�ÂIÃFÄ5ÅFÆ$½8Ç1È�ÉÊÅ(¾:»±Ë�Á�¾5»±ÅC½�Ì�Å(ÄW¾5Íe¼ÏÎK¾5Æ8Ç�ÐmÑ
Ò�ÓÕÔ3Ög×xØxÙBØÛÚ�Ô3ÙGÓÜÙBÝBÞÕÖ7ßGÓ�àOá�ÞÜâ�ã0ÚOß7äBÔ�×¥Ú�Ôqå�ØxÙGåCÔgØÛ×�æ�ÙGçOâ�ÞÕãxå�ÓÜß:æ@ÞÕè�Ýnâ�Ø¥ßGã�×¥ÞÜÖqÖ�ÚOßGè�ÝBÔ3ã8ÞÜè�×xÚ�Ô3ÞÕØ8ØÛÚ�Ô3ÙGÓÜÙBÝGæ·éêÚ�Ô3è.ÔPë�åFÙBãÛÔ3â
×xÙ¸ßìãxá�í"ÖgÞÜÔgè-×xÓÕæ�ÞÕè-×xÔ3è�ãÛÔîÔgÓÜÔgÖg×¥ØÛÞÜÖ¢ïOÔgÓÜâ�ð1ñ
Ú�ÔîãÛÞÜòtå�ÓÜÔgãÛ×cç±ÙBØÛò�ÙGçnÔ3ÓÜÔgÖg×xØxÙBØÛÚ�Ô3ÙBÓÕÙBÝBÞÕÖ7ßGÓóà�á�ÞÜâ�ÞÜãtßìãxá�ãÛåCÔgè�ãxÞÕÙBè
Ù�ç.åFÙBÓôßGØÛÞÜõ3ßGö�ÓÜÔNåOßGØÛ×xÞÜÖgá�ÓÜÔgã®ÞÕò"òtÔ3ØÛãxÔgâmÞÕè~ß�è�ÙBè�÷�åCÙGÓôßGØ�àOá�ÞÜâùøûú3ü+ýcþ{ÞÕåCÙGÓôßGØ¢ÞÕè-×xÔ3ØxßGÖg×xÞÜÙBèMöCÔK×�éóÔgÔ3èUåFÙBÓÜßGØxÞÕõ3Ô3â
å�ßGØÛ×xÞÜÖ3ÓÕÔ3ã�ÞÜãqØxÔgãxåFÙBè�ãÛÞÜö�ÓÕÔ²ç±ÙBØ�×¥Ú�Ô3ÞÜØqßGÝGÝBØxÔgÝ9ß�×¥ÞÕÙBè"ßGÓÜÙBè�ÝªÖ�Ú�ßGÞÜè�ã�åOßGØxßGÓÜÓÕÔ3Ó�×xÙ�×¥Ú�Ô{Ô3ÓÕÔ3ÖK×¥ØxÞÕÖ
ïOÔ3ÓÕâÏøÿú3ü ð��nßGè�Ù�÷�Óôß7æBÔgØxÔgâ
ãÛÞÜÓÕÞÜÖ7ß�×¥Ô{ãÛá�ãxåFÔ3è�ãxÞÜÙGè�ã��(ÙBØZÖgÓôß7æ�ãÛá�ãxåFÔ3è�ãxÞÜÙGè�ã��(ÙBè�×xÚ�Ô�ÙG×¥Ú�ÔgØ
ÚOßGè�â��OßGØxÔ·ÖgÙBÓÜÓÕÙBÞÜâ�ßGÓ(ãxá�ãÛåCÔgè�ãxÞÕÙBè�ãêÙGç8å�Óôß�×xÔ3ÓÕÔg×¥ã�×¥ÚOß�×
â�ÞÜãxå�Óôß7æcß·Ö3ÙGò"å�ÓÕÔKë�å�ÚOßGãÛÔêöCÔgÚOß7ä�ÞÕÙBØ�â�ÔgåCÔgè�â�ÞÜè�Ý�ßGòtÙBè�Ý·Ù�×¥Ú�ÔgØ&×¥Ú�ÞÕè�ÝBã�ÙBèc×¥Ú�Ô
Ö3ÙBè�ÖgÔ3è9×¥Øxß�×¥ÞÕÙBètÞÜècÖ3ÙGÓÜÓÜÙGÞÜâ�ã��GÞÜÙGè�ÞÜÖ
ã�×¥ØÛÔ3è�ÝG×xÚ ÙGç�×¥Ú�Ô.ãxÙBÓûäBÔgè-×��eßGè�âÏå�ßGØÛ×xÞÜÖ3ÓÕÔ�ãÛÞÜõ3Ôgã3ð·ñ
Ú�ÔgãxÔcå�ØÛÙBåFÔ3ØÛ×xÞÜÔgãkÚOß7äBÔcöFÔ3Ôgè ÞÜè9äBÔgãÛ×¥ÞÕÝ9ß�×xÔ3âÏ×¥Ú�Ô3ÙBØÛÔg×¥ÞÕÖ7ßGÓÕÓÕæ®ßGè�â
ÔPë�åCÔgØxÞÜòtÔ3è9×¥ßGÓÜÓûæWá�ãÛÞÜè�Ý�ò"ßGè9æ�×¥ÔgÖ�Ú�è�Þ��@á�Ô3ã�ø
	�ü��(ßGòtÙBè�Ý.éêÚ�ÞÕÖ�Úîã�æ@è�Ö�Ú�ØxÙ�×¥ØxÙGè
�n÷�Ø¥ß7æ�ãÛÖ7ß�×Û×¥ÔgØxÞÜè�Ý"òtÔg×xÚ�Ù�â�ã�ø������Gü ð
�îÞÜÖgØxÙBãÛÖ3ÙBåFÔêÙBö�ãÛÔ3ØÛä�ß�×xÞÜÙBè�ãqÖ3ßGØxØÛÞÜÔgâtÙGá�×qÞÜè�ÙBá�Ø�ÓÜßGöCÙGØ¥ß�×xÙBØÛæ�ß�×��nñ����SÞÕè�ñ8ØÛÙBè�â�Ú�ÔgÞÜò����nÙBØ�éZß7æ���ÙBè"ãÛá�ãxåFÔ3è@÷

ãÛÞÜÙBè�ã{ÙGç&à�á�ÙBØxÙGÚ�Ô3ÖK×¥ÙBØÛÞÕ×¥ÔªÖ3ÓÜß7æ�ãnãxÚ�Ù:é�Ô3âìÔgä@ÞÕâ�Ô3è�ÖgÔ.ÙGç�ß�èNÔ3ÓÕÔ3ÖK×¥ØxÙGØxÚ�ÔgÙBÓÜÙBÝGÞÜÖ7ß�Ó�öCÔgÚOß7ä�ÞÕÙBØêç±ÙBØ{ß�èÏÔ3ÓÕÔ3Ög×xØxÞÕÖªïOÔgÓÜâîÙGç
ßtç±Ôgé�������ò"ò ø� �ü ð�!8ÓÜá�ÙBØÛÙBÚ�ÔgÖg×¥ÙGØxÞÕ×xÔ3ãnßGØxÔ�ãÛæ@è9×¥Ú�ÔK×¥ÞÜÖcã�éóÔgÓÜÓÕÞÜè�Ý"Ö3Óôß7æ@ã{éêÞû×¥Ú ßWç±ÙBØÛò.á�ÓÜß"��#P÷$�îÝ&%(')#�*�Þ+#�,�Þ+-/.10�23!547ð
ñ
Ú�ÔªÖgÙBÓÜÓÕÙBÞÜâ�ßGÓCå�ßGØÛ×xÞÜÖ3ÓÕÔ3ã
ÖgÙBè�ãxÞÕãÛ×²ÙGç0ßcãÛ×�ß�Ö6�@ÞÕè�ÝtÙGç

∼ 100
ãxÞÕÓÜÞÜÖ3ß�×¥Ô{å�Óôß�×xÔ3ÓÕÔg×¥ã�×¥ÚOß�×nßGØÛÔ·öCÙGè�â�Ô3â=×¥ÙGÝBÔg×xÚ�Ô3Øêö9æ®ßGè

ÞÕè9×¥Ô3ØÛÓôß7æBÔgØóÖ3ß�×¥ÞÕÙBè7�8��×¥Ú�Ô{èOß�×xá�ØxÔ{ÙGç�éêÚ�ÞÜÖ�ÚWÞÜè�àOá�Ô3è�ÖgÔ3ãZ×¥Ú�Ô{ãÛ×xØxÔgè�ÝG×¥Ú¢Ù�ç�×¥Ú�ÔköFÙBè�â�ÞÜè�Ý�ßGè�âW×xÚ�ÔkÞÜè9×xÔ3Ø¥ß�Ög×¥ÞÕÙBèWöFÔK÷
×�é�Ô3Ôgèîå�ßGØÛ×xÞÜÖ3ÓÕÔ3ã�ÞÜèW×xÚ�ÔkãxÙGÓÕäBÔgè9×7ð�9Zß�×¥ÞÕÙBè�ãóßGè�â�éóß�×¥ÔgØZò"ÙGÓÜÔ3Ögá�ÓÜÔgãóÖ3ßGè¢öCÔ{ÞÜè9×¥ÔgØxÖ7ß�Óôß�×xÔ3â�öFÔg×�é�Ô3Ôgè®×xÚ�Ô·å�Óôß�×¥Ô3ÓÕÔg×xã��
éêÚ�ÞÜÖ�Ú®å�Óôß7æ@ã²ß�ØÛÙBÓÜÔ·ÞÕè�×¥Ú�Ô�åFÙBÓôß�ØxÞÜõ3ßGö�ÞÕÓÜÞÕ×�æ�Ù�ç8×xÚ�Ô�åOßGØÛ×xÞÜÖgÓÜÔ3ãgð
:�è¸×¥Ú�ÔWãxå�ØxÞÜè�ÝNÙGç;	=<&<&�®é�Ô�åFÔ3Ø�ç±ÙBØxòtÔ3â?>A@��B,ÊÔKë�åFÔ3ØxÞÕò"Ôgè9×¥ã�á�ãxÞÜè�Ýî×¥Ú�ÔC	GþD�E@GF�â�Ôg×xÔ3Ög×xÙBØ.ß�×IHJ�K<�úL@�ð

!OØÛÙBò ×xÚ�ÞÜãcâ�ß�×�ßNé�Ô=â�Ôg×xÔ3ØxòtÞÜè�Ô3â�×¥Ú�Ô®ÙGØxÞÜÔgè9×�ß�×xÞÜÙBè�Ù�ç²×xÚ�Ô¢åOßGØ�×¥ÞÕÖ3ÓÜÔgã.ÞÜèHÙGá�ØcÔ3ÓÕÔ3Ög×xØxÙBØÛÚ�Ô3ÙGÓÜÙBÝBÞÕÖ7ßGÓ�Ö�ÚOß�ÞÜè�ã��óßGè�â
ãÛÚ�Ù:éóÔgâ¸×¥Ú�ß�×�×xÚ�ÔgæìåFÙBÓÜßGØxÞÕõ3Ô�ßGÓÕÙBè�Ý¢×¥Ú�ÔtèOßGè�ÙBãxÞÕÓÜÞÜÖ3ß�×¥Ô�ãxÚ�ÔgÔg×¥ã�ø
 :ü ð�ñ
Ú�Ô"ãÛÔ3ØxÞÕÔ3ãªÙGçM>N@���,på�ØxÔgãxÔ3è9×xÓÕæìØxÔgåCÙGØÛ×¥Ôgâ
ß�â�â�ØxÔgãxãÛÔ3âN×xÚ�Ô�â�æ@èOßGòtÞÜÖ3ãêÙGç8×¥Ú�ÔªÖ�ÚOßGÞÕè¢ç±ÙBØxò"ß�×¥ÞÕÙBèPO&é�Ô�ÙGö�ãxÔgØÛäBÔgâÏÙBØÛâ�Ô3ØÛÞÜè�ÝcéêÞÕ×xÚ�ÞÜè¢×xÚ�Ô�Ö�Ú�ßGÞÜè�ã²ßGã²ßcç±á�è�ÖK×¥ÞÜÙGè
Ù�ç&×¥ÞÕò"Ô�ß�ç ×¥ÔgØ{ß�å�å�ÓÜÞÕÖ7ß�×xÞÜÙBè®ÙGç&×xÚ�Ô�ïOÔgÓÜâ�ð�>ÊÔ.ßGÓÕãxÙWÞÕè9äBÔ3ã�×¥ÞÕÝ9ß�×¥ÔgâÏÚ�Ù:é ×¥Ú�ÞÕãnâ�æ�è�ßGò"ÞÕÖ3ãnâ�Ô3åFÔ3è�â�ãkÙBèN×xÚ�Ô�èOß�×¥á�ØÛÔ
Ù�ç8×xÚ�Ô�ÞÜè9×¥ÔgØxÖ7ß�Óôß�×xÔ3â=ÞÜÙBè�ãêßGè�â=ÙBè=×¥Ú�Ô��-áOßGè9×¥Þû×�æ¢ÙGç$éZß�×¥Ô3ØêÞÕè-×xÔ3ØÛÖ7ßGÓÜß�×¥Ôgâ=×xÙBÝBÔK×¥Ú�ÔgØZéêÞÕ×¥Ú=×¥Ú�ÔªÞÕÙBè�ãgð
Q�RTS ¼-Ä�»AÉ¸¼@½C¾:ÁVU�É¸¼9¾5ÍeÅ�Ç�Ñ
ñ
Ú�Ô"×¥Ú�ØxÔ3Ô"×�æ�åFÔ3ã�ÙGç
ã¥ß�ò"å�ÓÕÔ3ãªÖ3ÙBè�ãxÞÜã�×¥Ôgâ�ÙGç
àOá�ÙGØxÙBÚ�ÔgÖg×xÙBØxÞû×¥ÔK�W��XB�nß��Y�²ÞóßGè�âZ!OÔ[�·åOßGØÛ×xÞÜÖgÓÜÔ3ãªÞÜòtòtÔ3ØxãÛÔ3âpÞÜè¸ß
ãÛÞÜÓÕÞÜÖ3ÙGè�ÔkÙBÞÕÓ\�±ä@ÞÕãxÖ3ÙGãxÞÕ×�æÏú[<&<cÖ[,@×6�Kð
]3^`_LaP]cb�dfe+g)h ije�kWlm_�e+d$nog
lLpqnog)i



ñ
Ú�ÔKæ¢éóÔgØxÔªÞÜè9äBÔgãÛ×xÞÜÝ9ß�×xÔ3â®ö9æ >SÞÜâ�Ô�@nè�ÝBÓÜÔG�²÷$F²ß7æ ,�Ö3ß�×x×xÔ3ØxÞÕè�ÝV��á�ãxÞÜè�Ý"ß.éóß7äBÔ3ÓÕÔ3è�Ý�×¥Ú
λ = 0.71

� ð
@ùÖgÔ3ÓÜÓ�×xÚOß�×²éóÔªãxåFÔ3ÖgÞôßGÓÕÓÕæWâ�Ô3ãÛÞÜÝBè�ÔgâÏßGÓÕÓÜÙ:éêãZ×¥Ù"ßGå�å�ÓÕæ®ß�Ú�ÞÜÝBÚ¢äGÙBÓÕ×¥ßGÝBÔ

E
öFÔg×�é�Ô3Ôgè 	tÖgÙBå�åFÔ3ØêÔ3ÓÕÔ3ÖK×¥ØxÙ@â�Ôgã��FöCÔP÷

×�é�Ô3ÔgèîéêÚ�ÞÕÖ�Ú=×xÚ�Ô·ã¥ß�ò"å�ÓÕÔkÞÜã
ÖgÙBè9×�ßGÞÕè�Ô3âIð�ñ
Ú�ÞÜã
ÖgÔ3ÓÜÓCÞÜãêß.â�ÔKäBÔgÓÜÙBå�òtÔ3è9×²ÙGçe×¥Ú�ß�×êá�ãxÔgâîÓÜßGãÛ×óæBÔ7ß�Ø3ð�:�×¥ã
ÔgÓÜÔ3ÖK×¥ØÛÞÜÖ7ß�ÓÜÓÕæ9÷
ÞÕè�ãxá�ÓÜß�×¥ÞÕè�ÝpåOßGØÛ×xã¢ßGØÛÔNÞÜè�×¥ÔKàOÙBèLãxÙÊ×¥ÚOß�×"×¥Ú�ÔîÖ3ÔgÓÜÓ²öCÔ ß�ö�ÓÜÔ=×¥Ù�öFÔ7ß�Ø"×¥Ôgò"åFÔ3Øxß�×¥á�ØxÔ3ãWá�å�×¥ÙZ	 <&<Êâ�Ô3ÝBØÛÔ3Ô3ãgð @Z×
ÖgÙBè9×¥ØxÙGÓÜÓÜÔgâ ×¥Ô3òtåFÔ3Ø¥ß�×¥á�ØÛÔ �eßGèpÔ3ÓÕÔ3Ög×xØxÞÕÖ.ïOÔ3ÓÕâ

∼ 1
������ò"ò�éZßGã�ßGå�å�ÓÜÞÜÔgâ öCÔK×�éóÔgÔ3èp×¥Ú�Ô�Ô3ÓÕÔ3ÖK×¥ØxÙ@â�Ôgã��8ß�ç ×¥ÔgØkéêÚ�ÞÜÖ�Ú

ß=ãxÔgØxÞÜÔgã�Ù�ç�	Gþ â�Þ��CØ¥ßGÖK×¥ÙBÝGØ¥ßGòtã{éóßGã�ØÛÔ3Ö3ÙGØxâ�Ôgâ¸á�è9×¥ÞÕÓ&×¥Ú�ÔtãÛæ@ã�×¥Ô3ò éóßGã�ÙGö�ãxÔgØÛäBÔgâ¸×¥Ù®öFÔtã�×�ßGö�ÞÜÓÜÞÕõ3ÔgâpÞÕèÊÞû×¥ã�Ô3ÓÕÔ3ÖP÷
×xÙBØxÚ�ÔgÙBÓÜÙGÝBÞÜÖ3ßGÓ��KÙBØxÝ9ß�è�ÞÜõgÔ3â��óã�×�ß�×xÔGð&ñ
Ú�ÞÕã&éZß�ãqØÛÔ3åFÔ7ß�×xÔ3â�ç±ÙBØ&×¥Ú�ÔZ×¥Ú�ØÛÔ3Ô
×�æ@åCÔgãqÙ�çIÖgÓôß7æ@ã�á�è�â�ÔgØqâ�Þ��CÔ3ØxÔgè9×�Ú9æ@â�Øxß�×¥ÞÕÙBè
ã�×�ß�×xÔ3ã3ð�ñ
Ú�Ô���ãxÚ�Þûç ×¥ãkÙ�ç�öFÔ7ß�ò ×¥ÞÕò"Ô�ß7éZßGØÛâ�Ô3âìé�Ô3ØxÔ.ç±á�ÓÜÓÕæ®á�×xÞÜÓÕÞÜõ3Ôgâ�ð1�îÙBØÛÔ.×¥ÞÜòtÔ�é�ÙBá�ÓÕâ ÚOß7äBÔ�öFÔ3Ô3èìè�ÔgÔ3â�ÔgâÊÞÕè
ÙBØÛâ�Ô3Ø
×xÙtåFÔ3Ø�ç±ÙBØxò ÔKë�åCÔgØxÞÕò"Ôgè-×xã²ß�×êâ�Þ��CÔ3ØÛÔ3è9×²òWß�ÝBè�ÞÕ×xá�â�ÔgãZÙGç$×¥Ú�Ô�Ô3ÓÕÔ3ÖK×¥ØxÞÕÖkïOÔ3ÓÕâ�ð
	 ¼@Î7Æ U ¾5ÎcÅFÀe¾:ÁO»A½e¼�Ç�Ñ
ñ
Ú�Ô²ßGè�ßGÓÕæ@ãxÞÕã�ò"ÔK×¥Ú�Ù@âcÞÜã�ö�ßGãxÞÕÖ7ßGÓÕÓÕæª×¥Ú�Ô
ãxßGò"Ôêß�ã�×xÚOß�×�â�ÔgãxÖgØxÞÜöFÔ3âtÞÜè�ß·å�ØÛÔgä@ÞÜÙGá�ã�ØxÔ3åFÙBØ�×��AÔKë�åFÔ3ØÛÞÜòtÔ3è9× <�úg÷ <j	5÷
� � ��ý
ãÛÔ3ÔtßGÓÜãÛÙìø
 5üo�Pð�ñ
Ú�ÔtßGèOß�ÓÕæ@ãxÔgã·Ö7ßGØÛØxÞÜÔgâ ÙBá�×�á�å ×xÙ¢è�Ù:é�ÚOß7äBÔ�â�Ôgò"ÙGè�ãÛ×xØ¥ß�×xÔ3â ×¥ÚOß�×·×¥Ú�Ôcè-á�ò.öFÔ3Ø·Ù�ç�ÞÕè9×¥Ô3ØÛÖ7ßGÓÜß�×¥Ôgâ
éóß�×¥ÔgØ&Óôß7æGÔ3Øxã0â�Ù�Ôgã&è�ÙG×&ãxÔ3Ôgò ×xÙ·ÚOß7äBÔ
ßkã�×¥ØÛÙBè�ÝkÞÕè�àOá�Ôgè�Ö3ÔZÙGè.×¥Ú�ÔZÖ�Ú�ßGØ¥ßGÖK×¥ÔgØxÞÜã�×¥ÞÕÖ�×¥ÞÕò"Ô�ç±ÙBØ$×¥Ú�ÔZÔgÓÜÔgÖg×¥ØÛÙBØxÚ�Ô3ÙBÓÕÙBÝBÞÜÖ3ßGÓ
å�Ú�Ô3è�ÙBòtÔ3è�ÙBèP��éêÚ�ÞÜÓÜÔê×¥Ú�Ô{èOß�×xá�ØxÔnÙGç�×xÚ�Ô{ÞÕè-×xÔ3ØÛÖ7ßGÓÜß�×¥Ôgâ"ÞÕÙBèWÞÕã�òtÙBØxÔ²ÞÜòtåFÙBØÛ×¥ßGè9×G�±ãxÔgÔG!0ÞÕÝ�ðóúm�Pð�.kèW×¥Ú�Ô{ÙBè�ÔnÚOßGè�â��
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Wet (2WL) FeFH powder  ⇒  τ  = 1.26 min
Dryer (1WL) FeFH powder  ⇒  τ  = 1.03 min
Dryer (1WL) NiFH powder  ⇒  τ  = 2.49 min
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